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SUMMARY. 



A computer-assisted simulation of the "chart metliod" of, teaching has been developed atid was 
used to provide instruction in clinical decision-making in tlie diagnosis and treatment of pulmo- 
nary diseases. The course requires a student to reach and to defend a diagnosis and to provide ap- 
propriate treatment for each of 10 simulated cases* Evaluation of performance and immediate feed- 
back and correction of errors of commission' and omission are an integral part of the course. The 
course provides a model for development of additional programs in other ii|bject areas. 

i-, : ^ 



Introduction 

Coim^iuing education of all physicians is a ma- 
jor goal of the medical profession. As a physi- 
cian becomes more and more involved in the 
practi/ce of medicine, he or she has little time for- 
study.- After completing his tr^lining, the phy?i;f 
ciaii no longer practices in a supervised envirdn- 
mcnt. His judgments are then rarely chal- 
lenged and his errors often go undetected. -Tiie 
effectiveness of his performance is therefore dif- 
ficult to ascertain. 
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AMERICAN REVIEW OF^ RESPIRATORY DISEASE. VOLUME 111, 1975 



To further their education v^dl hopefully, to 
sharpen their diagnostic acumen! inany physi- 
cians attend continuing education course.^. I'hc 
basic format of these courses is Midjictic and is 
not tailored to the speciBc need.y 6t Jlhe individ- 
l ual doctor. They frecjuentjy fuijf to instruct Jiim 
\ in correct clinical decision-mslking. They r<i- 
. quire time, and time is a precious tomniOjdity to 
the practicing physician. Certilinly, most pliysi* 
cians want to improve their knowledge,, but it is 
difficult to stereotype t^is rc/quircnient into 'a 
specific weekly or monthly time period. TliC lev-. 
^1 of instruction in each couTse is variable.'^and, 
a physician might be conWrucd, on one hand^ 
wjth a course that is *'above his" head/* or on the 
other, with one *of c6nR?lf^ already wdiUYltljIn 
his knowledge. / . 

Computer-assistcd instruction (CAI) was in- 
troduced into the teaching of pulhionary cliv 
eases to overcome tiiese problems of cc/nventip(i- 
al continuing medical education courses. This 
method attempts to instruct tlie*^physidah'Stu- 
dent in clinical decision-making through «ipi* 
ulated "chart teaehing." 'I'he student can Use 
the instructional material at hi& convenience, 
for 1 hour, or 10 hours, depending on his desire. 
Material well known to tfie student tan be han- 
dle(;l in short order, whereas other, more diifi- 
cult, items require more time. ^Fiirt'herniore. his 
answers are evaluated iniifiediatcly, and cor- 
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rcction of errors ofACominission nnd omission 
are an intcgral part of tlic course. 

MaUrialiandMcthodi 

Course design. The course content was provided hy 
2 pliysicians ex|)ert in piilmoniary diseases who did 
not require instruction in computer use or tech- 
nology. The course content was evaluatedi when 
necessary, by other pulmonary physicians. An educa- 
tional psychologist helped design the pedagogic ap- 
proach as well as systems for evaluation. A program- 
mer provided Xht necessary information^nCcrning 
the technical aspects of preparing the cascis in a for- 
mat that was adaptable to programming in Course* 
writer III. . . 

The counc consists 9! 10 simulated "patients" with 
pulmonary disease. The programming model was the: 
same for each patient, thus permitting developm^m 
of a model suitable for prepgiring additional coi^ies 
in other subject areas. The "patients" with pulmo- 
nary disease w^re presented to simulate "chart teach- 
ing" I 

Chart jeachsng. The chart method of teac^iinj; in 

medicine is an insttuctional technique wherein the 
student receives immediate feedback concerr^ing his 
performance. This method allows a single in$tru:tor 
to teach ima|| groups of students a; the bednde. 
The instructor asks the student to make a dtagnosii 
W and tjlien elicitf^ defense of that diagnosis. H'he ptu- 
7^ dent ^s also expected to institute proper n)ansige- 
i^mcntt The instructor questions the student* about 
the bases of hi$ decisions and trjes to clarify any is- 
^sucs in doubt. 

Chart teaching, in an ideal sense, requires the MU- 
mcnt to make ;^nd defend diagnoses, and to suggest 
I'iinailagement for patients who have a wide variet,y|of 
Ijliscases. The student must be supervised and finust 
Receive imnriediate correction of his errors to prevent 
iiim from developing poor diagnostic habits. Ha is 
Wovided with an evahiation of his performance at 
ihc end of each session so that he can remedy his de- 
Aciencies. This method of instruction can continue 
jlintil the s^^ud^iit has reached jT-iioflircfl* level of pro- 
ficiency, "pr^hart method is amenable to simulati on 
by coi»|Mitcr, bC'Ciiuse it is a comparatively welKstrl t- 
tured method of instruction. It has'a Axed form; It, 
and the organization of tlie^, dialogue can be specified 
through a small number of exercise types, with sim- 
ple ^ranching logic. 

RasMlU ' 

Course description. The purpose of the copn- 
puter-assisted ijnstruction course in pulmonjiry 
diseases is to improve the clinical acumen of |the 
student, not to teach basic content. An im||or- 
i tant prerequisite to the course is that the Stu- 
dent have a background knowledge of pulfno- 
'nary disease. It is highly recommended that, 
when necessary, the student acquire this kn|)wl- 



edge from various textbooks or priitiers in pul- 
^ monary disease (1^),. 

After registering for tlie course^ the sttident 
readre the first case nistory provided in a note- 
book avail;ible at the computer terminal. Each 
case history consists of present illnesSi past and 
family history, pbysical examination, and Iab~- 
oratory findings. Once he has studied the case 
history, the student is ready to interact with the 
computer. First, he ftiust sqlect the correct diag- 
nosis, which he Cjxn choo^ fromXi list of 59 pos- 
sible diagnoses in the notebook.' On selection of 
the correct diagnosis, the student must defend 
his clioice. The entire case history is divided 1Vito 
multiple reasons for diagnosis, which are conse- 
cutively numbered. In selecting reasons, the stu- 
dent need only enter a 1- ojf 2-digit yumbCr. Tlic 
computer responds, to each selectiAlmy provid- 
ing teachings information that reinforces an ap- 
projjriate selection, - and rebuts an inap- 
propriate one. The student must. list at leait ^5 
per cent of the appropriate reasons that support 
his diagnosis. After these are given, the student 
may proceed to the management section^ 

The student selects the appropriate manage- 
ment from a list of 57 such components provided 
in the notebook. T|ie management section is se- 
quential, and the student is confronted with 
changing problems. An a ppro|^)riate manage- 
ment at one stage in the course^ of the illness 
rtkay become inappro]iriate at a nother stage. 

The list of possible diagnoses is shown in fig- 
tirc 1. An example ot studeut-computer interac- 
tion in diagnosis and defense of diagnosis is 
shown in figvire 2A; figure 2B is an example of 
student-computer iiiteniction in management of 
the patient^tudied. 

This course consists of 10 case histories that 
represent 10 commonly encountered pulmonary 
diseases. 

Scoring, Each reason given in defense of the 
diagnosis is scored in one of tlie following ways: 
(7) ^appropriate, (2) useful, but not essential 
to differential diagnosis, 0) inap))ro])riate. Aft- 
er, successful defense of tlie diagnosis and also 
after completion of the management section, 
the computer ty])cs out a summary evaluation 
of tJie student's cfioices. 

A major incentive for using this computer- 
assisted instruction course was its time-saving 
aspect. Because time is valuable to the practice 
ing physician, tlic writers used tinlc as a motiva- 
tor. A student knowledgeable in the ])uImonary 
field wl|io a])plied his knowledge could complete 
one cast' history in approximately 15 .minutes; 
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1. 



Respiratory Disease 
DIAGNOSES 



Congenital ■bnormalitiM. 
Lung Infections ' 



Viral pnaumonlir / 

. 8act«rlai pnaurponla: , 
-^DIplococca^paaumQnla 
—Staphylococcal pnaumonia 
— Klabtialla pnaumonia 
—Hamophliuc pnaumonia 

Mycoplasma pnaumonia 
RIclcatttlal pnaumonia 

Fungal pnauimonia> , 
x-IHlttoplasmotlc ppaumonli 
^CoccldlorT>ycotic^pnaumonla 
I — Blattomycotic pnaumonia 

MycobactarloMS: ' 

--typical 
- -.atypical 

Lung abscau t . 

Bronchlri^tatlt 

S auinocpploiai ; 
icoslP' 
A'lbattoslt 
Barylllotit 

Diffufa Intarttltlal Flbrotat: 



—Drug inducad 
— Ai^toclatad' with coilag 
—Idiopathic 



an i^ti 



Sarcoidotit 

Chronic ObstructiV 



Pulmonary DItaaM 



. Bronchial atthm 

' Chronic atthmatlK^bronchitlt. 

/^Chronic bronchitis 
Cantrilobular amphyii] 
Panlobular aniphvsama 



Pulmonary Circulatory Pi 




Pulmoyiary amboilim 
IHaroin pulmonary adama 
Primary pulmonary hypartan 

:. 1. List of possible diagnoses. 



however, if he made many errors. 

long iis.2^hours» particularly if he 
ini orrect diagnosis, inappropriate dcfensc of the 
CO rect diagnosis, or inappropriate management. 

collection and evaluation. Evaluation of 
th • CAI course as a tool for medical" education 
lia| been a primary, interest of the team. An 
evaluation design was sought to provide not 
only information concerning the individual stu- 
dent, but- tilso to allow an objective appraisal 
of CAI as a tool for improving clinical decision- 
making among practicing physicians. 
I'hc c valuators played a major role iu the 




VIM. 


Naoplasmt of Lung 


■ « 




Banlgn:< 




31 


— Adanoma 


o 




Malignant: 




32, 


— Bj^nchoganlc^carclnoma 




33. 


— AoWigbarclnoma 




34, 


— Alvaolar caii carcinoma 




35. 


— Lymphoma 




36. 


— Mataftatfc carcinoma from outtida lung 


IX. 






37. 


Idiopathic pnaumothorax 


r 


V X, 






) 38. 


Foraign body obstruction 




' XI. 


Mtscailanaous 





39. Raactlon to organic dusts 

4b. Raactlon to f umas and gasas 

41. Radiation pnaumonia 

42. Lipoid pnaumonia 

Nacrotlzlng angiitis: 
'43. — Polyartaritis nodosa 

44. — Waganar's granulomatosis 

45. — Goodpastura's syndroma , 

46. Histiocytosis X 

47. Pulmonary aivaolar protalnosis 

48. Pulmonary aivaolar microlithiasis 

49. Idiopathic pulmonary hamosldarosis 
'50. Acquired cystic lung disaasa « 

51. Kyphoscollotlclung disaasa 

52. , Hylllna nnannbrana' disaasa In infant — Acuta 

rasplratory djstrass syndroma la Infant ] 
63. Shock lung (raipiratorlunfl — Ac^ta 

rasplrattrvj^Istrass iyndromb«ln iriftfnt t 
54. Primary alvaotar hypovantllaflon 
^ 55. Unllataral hyparlucant lung 

'^(SwYar-Jamasyor McLoad syndroma) ^ 

Primliry plaural disaasa: 
^6. — Masothaliorai 

Primary mvdfastinal disaasa: 

57. -Idiopathic madiastinal fibrosis 

58. —Madiastinal amphysama 

59. Cystica fibrosis ^ 

4 



course preparation. Their major cotftributions 
were in the following areas: design of the course, 
design of data collection format, design of 
printouts^ construction of instruments for teach- 
ing, design of appropriate measures of achieve- 
ment, and interpre(^ition of results. ' *' 
The scoring procedure is supplemented by a 
system for retrieval of. data. Data that can be 
collected include: list of diagnpses selected, rea- 
sons selected and their frequency, list of forms 
of management used as well as their order of se- 
Icctiop, number of times inappropriate manage- 
ment selejcted, and time taken to^Cofnplete the 
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Diagnoiis tnd t^ntmint • 
of RaspiratoiV EJ^tsMMS 

r 

CAt: After rtMding Mch cmnm hittory you will ba ■■kad to choot* ■ diagnoili and ftlact thoia fMturai In xhm 

ciM hl^orv which support this dUgnoiU. ' i 

At th»%pn^ of Mch ■■ctlon your p^rformhnca wil( tvaluattd. \ 
' gntSF to continue. 

CA.I: Hay^you rMd cmf hittbry 1 P. 101? 

. Aniwanyai or no. 

S: Yii ' 

CAI: Turn to pmgm 6 which cpntalni ■ Hit of poiiibU diagnom. 

'•CAl: What It your working dittgnoili? 

S: 24 

CAI: 24 , 

Thli !■ x\\B dUgnoili you have given. 
li.It xhm onm you with to dafvnd? 
"^Antwar yai or no. 

CAI: » Incorrict. 

CAI: What li youji^tklng dlagnoiU? 
S: 23 C y 

CAI: 23 >^ ' . , • 

Thli li th^ diagnosli you hav« given. 
\t It the one ypu with to defend? 
Answer yei or no. 
S: Yes 

CAI:- List e rMton for your dlegnoili or typk "End." 

S: 1 (Age 171 • 
CAI: « Approprtete. 

Moit petlenti with bronchlsl eithme ere leii then 35 yeer« old. 
t 

CA(: Lilt e region for your dlegnokli or type "End/' i 
S: '^IWhltel* 

CAI; (hepproprlete. , ' 

There li not en Increeted predilection for bronchlet eithme In ceucelleni. 

CAI: Lilt e reeion fof your dlegnoili or typt "End," . q 

S: 4 (Wheezing, "tight cheit" end dytpnee of 2 (louri duretlon.) * 
CAI:' Appro priete. 

These ere tigniof bronchotpeim which liceuted by hypertenilttvlty of the elrweyi. 



*Thii ttetement li In notebook, but not pert of mechlne retponie. 

Fig. 2A. Sample stiidi-iit-computcr interaction. defcn!ic of diagnosis. 




case history. A sample computer jiriiitout of the 
objective data related to the defense of tiie diag- 
nosis is given in figure 5. 

ST|ic Course is at present !)Ciiig used. to supple- 
ment iihly, bedside leaching in the pulmonary 
disease elective offered to fourth-year students at 
the Powiistate Medical Cenicr. Approximately 
50 students per year (one tptartcr of the senior 
chiss) are registered in the elective, and they are 
requested, to take tliis course. Stuticnt reaction 
to the program is variable. Most believe that it is 
a distinct help to them in reinforting pri»icipies 
expounded at the bedside. *rht7 find th' com 
puicr simple to operate, and the telet ewriter 



printout is as fast or fastfr than they can read. 
Furthermore, they b1i»rievc tliat the printout tan 
l)e taken home and sa\^d for future reference. 

The major usefulness of this (oi|j|niH'r pro- 
gram tc the writers lias been as a teaclitng tool 
that reinfortes bcttsidc instrnttion. I'ew text- 
books present case histories and extract from 
them a ' diagnosis, a defence of diagnosb. and a 
regimen of management. 1 he instriiction is in* 
divitinali/ed. so that the student reteives an im- 
response to whatever selcctionsi he has 



mediate 
t hosen 
rhe 
nient o: 



[nescnt report deals with the tKvelop 
a (^AI program in respiratory llisease. 
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CAl: Turn to pagai 7-9 which conutn thf.llft of manigamtilti. 

Type "End" whan you you hav« given all the ■ppropriau managamanti. 

CAl: ^Ent»r to continu*. . / % 

CAL: How would you man«ga the patlant In your office? ^ ^ 

S: 1 (Nabulkation. Procaii of ■dmlnlitarlng fine partlclai o^ tallna or alt»rn«taly mad!cCnar«.g., Iiupfal, 
which c«n dlifdvad In talinaj * , • 

CAl: Approprlau. ^ ^ 

U» of ■ fraon Mrotolizad liupral nabullzar li indicated. 

The pulmonary function taiti hmvm damonftraud the ■ffactlvanav of Uupral In rallavlng^ha air trapping. 

CAi: How would you managa ^ha patlant In your offlca? 
S: 2 (Raiplrator — praitura cyclad.) * 



CAl: Inapproprlata. 

Thli form of managamant it not Indlcatad.at thli point In thii patlanfi disaasa. 

CAl: How would you managa tha patlant In your offlca? 



6 (Natal O2 — 4 titan par minuta.) * ^ -^^.^ 

CAl: Approprlata. *^ 
Hypoxamla li vary Commonly pratant during aithmatic attacki end corractlon li.lmportant. 

CAIll How would you managa tha patlant In your offlca? 
S: End 

' CAt: You hava givan luff Iclant managamanti that ara approprlata at thli tima. 
. You hava gIvan tha followlhg raiponiai. . 

7 approprlata managamant(i). 

2 Inapprdprlata managamant(i). j 

'i' * 

CAl: Thli ditaaia li bronchial aithma. It It an Inharltad ditaata charactarlzad by hyparraactivlty of tha w 

bronchial mutculatura to a varlat/of ttlmuli which ratult In abnormal Incraatat Irr airway ratlttanca to 
otharwita normal lavalt of ttlrrtulation. Tha raipontibia ttlmulantt includa aliargant, cold, irritantt afid 
Infaotlon, at wall at amotional itimulatlor) madlatad through tha vagut narva. About 60H of aithmit(ct> 
can ralta or lowar thair airway ratlttanca tn ratponia to luggattlon. ' ^* 

• Tha ditaaia It vary wlliaipraad, but In all probability mott atthmatlct do not bacoma clinically ovart^*^ 
^Thota with clinical lymPtomatology uiually hava tha ditaaia appear childhood or In aar ly adult \Uft, 
Only a dittinct minority of patlantt Ktva Intractabta racurrant atthmatic apltodat. Thit group, atpaclklly 
In aarly adult Ufa, hava.multlpla praclpttating cautat for thaIr attacki and amotional raactlvlty playi i 
major part In thaIr ditaaia whita altargant do not. | 

Tha traatmant of bronchial atthmajt ^xtramaly difficult, and taxat tha Imagination^ and Inganulty Of ivan 
tha to callad "axpart." , ' - 

*Tttt ttatamant It In notabook, but not part of machlna ratponta. 

2U. Sampli* stiiclnit-compiitcr littiTiKtioii, manngcmriit. 

M soon A% all preliminary data arc collcctcd on of tht- ambulatory paticm i» often drfiticnt, bc- 
tUv program's content, a pre-tcst/|X)5t-tcst oval- taiisc the house olhter docs not continue to foj- 
iiation will be used for comparison purposes low his patient on tlie outside. When these phys{- 
and for follow-up. These studies arc now^bcing cians enter practice, they have had very little 
planned. All established computer programs at instruction in the outi)atient management ot 
the Downstate ^feclifa^ Center have at basic re- disease. I beir clinical decision-making is oftenl 
cpilremeljtspre'tcst and posi test evaluations. on a "learn as you go" basis. Inirtbermorc, post- 

graduate training programs and continuing cchi- 
DIscufttlon cation programs are basically designed to pro- 

^ Pulmonary diseases are commonly encountered • v idc factual information, 
in the practice of medicine. 'I bcy involve a ma» The present course ii'^sumcs the ^availability 
jor <las>r of patients who rcceivr govprnnienlal oT other sources for t)asic knowledge of ptdmo- 
disability pensions. They result in fretpient cm- nary/lisease. The chart metljod of teaching, a 
ployee absenteeism. traditional method for reinforcing clinical com- 

Most training programs for interns and rcsi- peteuce, has l)een simulated in an attempt to 
deals empliasi/e the diagnosis and treatment of improve the student's application of informa- 
bospiiali/cd'. patients. Training in management lion to patient care. I lu' evaluation program 
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^ Fig. 3. Sample computer printout of the objective data related to the defense of the diagnosis. 
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makes it possible toTprouclc fmllmk informn- 
tion concerning the stiidctit^ perfornianic, both 
a) an nlisokue und in rchiiioii to comparison 
groups. Areas of strength and yvcakncss can be 
^ indicated. 

The programming forma't nscd for this course 
has provided an implemented and easily ex-^ 
portable. compiitcPaviiMed instructional system 
for the develo])nicnt of further coiu'5es. The 
adaptabiliiy of this format ao other subject 
areas liaH been denion%tiateci by the prepara- 
tion of two ucw tonru's ill rheumatic diseases 
and gynecologic oncology. 

The lack of any ol)jegivc» systfm for measur- 
ing the ability of this course to result in im- 
provetl tielivery 6i tjux* is a weakness of the pres* 
crnt project. Potentially, the course evaluation 
system itself tbuld be applied to avsess the clini- 
cal competence of the physician student. One of 
our present goals is the design of technicpies to 
make this possible. „ 

Exteirsive use of (^.\l as dis(US!ked in the pres- 
ent paper should prqvide an implemented and 
easily exportabli* system for the development of 
many courses i|i clinical decision*making in 
medicine, and a system for the evaluation of the 
' effects of this type of com i titling medical educa- 
tion on a physician's performance in his prac- 
tice. The C'AI as a veliicle of instruction and 
means of Simula tiifg the case study technique 
has a great potential lo accomplish this in a 
mQst effective and ec'onomic way. Its use may 
result in cpialitative iniproxenu'nts in instruc- 
tion, more efficient use of instructional staff, and 



major savings in instructional time. Its potential 
widespread availability wouki provide a Cost- 
effective way to reach aiul train a larger number 
of doctors in dinic^d decision-making than is 
possible with existing techuicpies. 

The ultihiate cpiestion is whether the learn- 
ing benefits of (^AI are superior to those of other 
methods. At present, there is no clefinitive an- 
swer to thU question; however, our experience 
with programs in rheumatic diseases and in gyn- 
ecologic oncology reveal that, at the very least, 
there is as much cognitive learning by means of 
a (lAI program as by other more traditional mo- 
dalities. The -writers believe that CAl pro^amj 
are a more efhcient means of learning for stu- 
dents of medicine, but only with the passage of. 
tinu' and further evaluation will comparison 
studies be able to doctiment iliis belief. This re- 
port represents a first step in introducing a new 
modality (C^AI) into the teaching of pulmonary 
medicine. 



R«f«rtnc«s 

I. IJates, D. v., Macklcni, P. T.. and Christie, R. V.: 
Respiratory Function in Disease, \S . U. Saunders 
Ck)„ rhiladelphia. 1971. 

*4i. I'rascr. R. (».. and Pare. J. A. P.: Diagnosis of 
Diseases of Chcsi, W. n. Sanmlers Co.. Philadel- 
phia. 1970. 

H. Dauni, C«. I..: Textbook of Pulmonary Diseases. 
' Little, Brown and Co., Boston, 1965. 

I. Ciimniing. C«., and .Semplc. S. J.: Disorders of the 
Respinitory System. IMackwell Scieutific Publica- 
tions. lx)ncion. 197S. 



ERIC 



8 



